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Introduction
The importance of studies of Antarctic organisms has been recently acknowledged. With recognition of global-scale phenomena such as, for example, those related to climate changes, knowledge of these animals has become essential for better comprehension and proper management of ecosystems, raising questions about their ecology and physiology. These studies are largely dependent on the correct identification of the species, eventually stimulating investigations on taxonomy, systematics, and biogeography.
The Brazilian Antarctic Program (PROANTAR) is contributing to knowledge of the organisms from the South Shetland Islands (an archipelago near the Antarctic Peninsula), especially of those from the coastal areas around King George Island, where the program's scientific activities are now concentrated. Beginning with the first Brazilian expeditions, many molluscs have been collected from this location, and brought for identification by the malacologists of the Instituto de Biociências da Universidade de São Paulo (IBUSP), coordinated by the late Prof. Walter Narchi (Narchi et al. 2002 ). Investigations on the biology and anatomy of bivalves were continued by Prof. Osmar Domaneschi and his students (Narchi et al. 2002 , Passos et al. 2005 , Sartori et al. 2006 , who gathered a rich bibliography on these animals, especially on their taxonomy.
Through a series of papers on the Antarctic bivalves, Nicol pointed out some of their peculiar characteristics, such as the high percentage of small-sized species (less than 15.0 mm) (Nicol 1964b (Nicol , 1966a ; the small number of species of some groups that are otherwise well represented in warm shallow waters (venerids, lucinids, tellinids, and cardiids) (Nicol & Gavenda 1964) ; the lack of shell-attached species (Nicol 1964a) ; some morphological characters which are common, such as thin and chalky shells, with a lack of bright colors and absence of color patterns and spines, and ornamentation, when present, subdued (Nicol 1965 (Nicol , 1967 (Nicol , 1970 ; and the low percentage of Antarctic species with infaunal habits (Nicol 1970) . Subsequently, the evolutionary history of the Antarctic Bivalvia was analyzed (Crame 1992 (Crame , 1996 (Crame , 1997 (Crame , 2000 , as well as other aspects, including biogeography (Crame 1993 , Brandt et al. 1999 , physiology (e.g., Clarke 1983 , Ahn 1997 , Peck & Conway 2000 , Abele et al. 2001 , Heilmayer & Brey 2003 , ecology (e.g., Ralph & Maxwell 1977 , Stockton 1984 , Berkman 1990 , Arnaud & Hain 1992 , Brey & Hain 1992 , Brey et al. 1993 , Nigro 1993 , Peck & Bullough 1993 , Cattaneo-Vietti et al. 1997 , Urban & Mercuri 1998 , Chiantore et al. 2003 , and reproductive biology (e.g., Richardson 1980 , Berkman et al. 1991 , Hain & Arnaud 1992 , Prezant et al. 1992 , Bigatti et al. 2001 , Peck et al. 2007 , Kang et al. 2009 , Passos & Domaneschi 2009 ). In the present contribution, the faunas of Bivalvia from Brazil and Antarctica were compared, aiming to answer the following questions: At higher taxonomic levels (families, superfamilies), which taxa mostly diverge? Are there species that occur in both places? What are their differences in life habits? And finally, what are the possible causes of these divergences? These questions were investigated here, through examination of the species on the continental shelf, excluding those from deeper waters.
Materials and Methods
Initially, a comparison between the Antarctic and Brazilian bivalves at the species and genus levels appeared to be a very difficult task, in view of the many existing taxonomic debates. Apart from problems related to synonymy, the relationships of some genera are still unresolved, awaiting worldwide revisions. For example, some authors consider that Tellina and Thyasira are composed by many
Results
The Bivalvia known from shallow waters of Antarctica and Brazil are listed as follows, totaling 68 and 368 species, respectively: Family Nuculanidae: Nuculana inaequisculpta (Lamy, 1906) , Propeleda longicaudata (Thiele, 1912) , Yoldiella antarctica (Thiele, 1912) , Yoldiella valettei (Lamy, 1906) , Yoldiella sabrina (Hedley, 1916) , and Yoldiella profundorum (Melvill & Standen, 1912) Smith, 1915 , Limopsis scotiana Dell, 1964 , Limopsis scabra Thiele, 1912, and Limopsis enderbyensis Powell, 1958;  Family Philobryidae: Philobrya sublaevis Pelseneer, 1903 , Philobrya wandelensis Lamy, 1906 , Philobrya olstadi (SootRyen, 1951 , Philobrya capillata Dell, 1964 , Adacnarca nitens Pelseneer, 1903 , Adacnarca limopsoides (Thiele, 1912 , Lissarca miliaris (Philippi, 1845), and Lissarca notocardensis Melvill & Standen, 1907. Superfamily Mytiloidea: Family Mytilidae: Dacrydium albidum Pelseneer, 1903. SUPERFAMILY LIMOIDEA:
Species from Antarctica
Family Limidae: Limatula pygmaea (Philippi, 1845), Limatula simillima Thiele, 1912 , Limatula hodgsoni (Smith, 1907 , and Limatula ovalis (Thiele, 1912) .
Family Pectinidae: Adamussium colbecki (Smith, 1902) ; Family Propeamussiidae: Cyclochlamys gaussianus (Thiele, 1912) and Cyclopecten pteriola (Melvill & Staden, 1907 (Lamy, 1910) , Parathyasira dearborni (Nicol, 1965) , Axinulus antarcticus Zelaya, 2010 , and Genaxinus debilis Thiele, 1912 [Observation: Nicol (1966 and Hain (1990) referred G. debilis to G. bongraini, and Zelaya (2005) noted that its presence is "uncertain" for South Georgia, South Orkneys, and the South Shetlands islands; Family Lasaeidae: Lasaea consaguinea (Smith, 1877) , Lasaea adansoni (Gmelin, 1791), Mysella minuscula (Pfeffer, 1886), Mysella charcoti (Lamy, 1906) , Mysella gibbosa (Thiele, 1912) , Mysella narchii , Mysella antarctica (Smith, 1907 , Montacuta nimrodiana (Hedley, 1911) Family Gaimardiidae: Kidderia subquadratum (Pelseneer, 1903) and Gaimardia trapesina (Lamarck, 1819); F a m i l y C y a m i i d a e : C y a m i o m a c t r a l a m i n i f e r a (Lamy, 1906) , Cyamiocardium denticulatum (Smith, 1907) , Cyamiocardium crassilabrum Dell, 1964, and Ptychocardia vanhoeffeni Thiele, 1912;  Family Neoleptonidae: Neolepton parasiticum (Dall, 1876). Family Poromyidae: Poromya adelaidis (Hedley, 1916) .
Family Cuspidariidae: Cuspidaria infelix Thiele, 1912 , Cuspidaria kerguelensis Smith, 1885 , Cuspidaria tenella Smith, 1907 , Cuspidaria minima (Egorova, 1993 , and Cuspidaria concentrica Thiele, 1912. 
Species from Brazil
Family Solemyidae: Solemya patagonica Smith, 1885 and Solemya notialis Simone, 2009 [Observation: Rios (1994 and Mikkelsen & Bieler (2008) referred S. notialis to S. occidentalis Deshayes, 1857, which was considered to be restricted to the Florida-Caribbean Region by Abbott (1974) Rios (1994 Rios ( , 2009 to Lucina multilineata, but Mikkelsen & Bieler (2008) pointed out that "multilineata Tuomey Holmes, 1857" is an invalid name. Penna-Neme & Cruz-Natali (1984) referred M. lens to Pseudomiltha tixieri Klein, 1967, which was considered as a synonym of it by Rios (1994 Rios ( , 2009 Penna, 1971 , Carditamera plata (Ihering, 1907 , Cyclocardia moniliata (Dall, 1902) , and Pleuromeris sanmartini Klappenbach, 1971 [Observations: Rios (2009 (Nicol, 1953 [Narchi (1973) and Domaneschi & Narchi (1998) recorded H. solida from Brazil, but Rios (1994 Rios ( , 2009 Table 1 , all known extant superfamilies of marine Bivalvia are listed, including two (Trigonioidea and Clavagelloidea) that are recorded neither from Antarctica or Brazil. The mode of life and the total number of species counted for each taxa from both places are also shown.
There are 23 superfamilies that do not have Antarctic members, but are represented by at least one species in Brazil: Solemyoidea, Manzanelloidea, Arcoidea, Pterioidea, Pinnoidea, Ostreoidea, Plicatuloidea, Dimyoidea, Anomioidea, Chamoidea, Arcticoidea, Glossoidea, Cardioidea, Veneroidea, Tellinoidea, Solenoidea, Mactroidea, Dreissenoidea, Myoidea, Gastrochaenoidea, Pholadoidea, Pholadomyoidea, and Verticordioidea. The reverse does not occur, as all superfamilies occurring in Antarctica are also known from Brazil. Absent from Antarctica are the Arcoidea, Veneroidea, Tellinoidea and Pholadoidea (see also Figure 1 ), groups that comprise 42% of the total number of species recorded from Brazil. Mytiloidea is also characteristically rich in Brazilian coastal waters (23 species), but nearly absent from Antarctica (only one). Nuculanoidea, Limopsoidea, Galeommatoidea, and Cyamioidea are the superfamilies best represented in Antarctica (Table 1, Figure 1 ), comprising 60% of the total number of species. At the family level, the Antarctic harbors relatively more species of Philobryidae (8), Thyasiridae (5), Lasaeidae (9), Cyamiidae (4) and Cuspidariidae (5), groups that are represented by only a few species from shallow waters of Brazil. Only three species are recorded from both regions: Limatula pygmaea (Limidae), Lasaea adansoni (Lasaeidae), and Gaimardia trapesina (Gaimardiidae).
The mode of life for each superfamily is also shown in Table 1 . In Antarctica, both infaunal (Nuculanoidea, Limopsidae, Thyasiridae, Cyamiidae, Cuspidariidae) and epifaunal (Philobryidae, Limidae) groups are diverse in number of species; but there are not members of the groups that are essentially sessile, living cemented to the substratum (Ostreoidea, Plicatuloidea, Dimyoidea, Spondylidae, Anomioidea, Chamoidea) or as wood or rock borers (Pholadoidea, Gastrochaenoidea, and species of Mytilidae and Petricolidae). In Brazil, the infaunal superfamilies are very well represented, including the Veneroidea, Tellinoidea and Lucinoidea; but wood borers (Pholadoidea) and epifaunal groups (Arcoidea, Mytiloidea, Pectinoidea) are also very diverse (Figure 1) . 
Discussion
The total number of coastal Brazilian species is about five times the number recorded from the Antarctic, a proportion that appears to be unbalanced, as the latter has a more extensive coast related to the larger area of its continent. This can be explained in different ways, for example, by the greater homogeneity of the Antarctic marine environment, in general terms; whereas in Brazil there are different conditions along its coast. The Brazilian fauna is composed of a mixture of taxa from different provinces, with a strong contribution from the Caribbean region, which is considered a tropical high-diversity focus of marine bivalves (Crame 2000) . From the Caribbean, many species of typical shallow-water groups have spread southward as far as the north/northeast Brazilian coast, for example the Arcoidea (e.g., Barbatia cancellaria and Glycymeris decussata), Pectinoidea (e.g., Pecten chazaliei, Spondylus americanus, and S. erinaceus), Lucinoidea (e.g., Lucina muricata), Cardioidea (e.g., Trigoniocardia antillarum and Nemocardium peramabile), Veneroidea (e.g., Chione intapurpurea, Transenella cubaniana, and Pitar cordatus), and Tellinoidea (e.g., Tellina euvitrea, T. probrina, T. sybaritica, T. americana, T. vespuciana, T. persica, Strigilla gabbi, S. mirabilis, Cymatoica orientalis, Donax striatus, D. denticulatus, and Cumingia coarctata) . On the southernmost coast, the bivalve fauna has a different composition, with a subtropical subset more typical of the Argentinean-Magellanic province, including Solemya patagonica, Tindaria striata, Mytilus edulis platensis, Brachidontes rodriguezi, Chlamys felipponei, Clausinella gayi, Protothaca antiqua, Transenpitar americana, Eurhomalea exalbida, Mactra patagonica, Barnea lamellosa, Netastoma darwini, Pandora brasiliensis, Entodesma patagonica, and Thracia similis. The Antarctic fauna, on the other hand, is composed mainly by circumantarctic species, adapted to a characteristic polar environment, with only a few members from other biogeographical provinces. Here, only some Magellanic species extend southward through the islands of the Scotia Arc into shallow waters of Antarctica, such as Nucula falklandica, Lissarca miliaris, Epicodakia falklandica, Thyasira falklandica, Waldo parasiticum, Kidderia subquadratum, and Hiatella meridionalis.
Comparing the Brazilian and Antarctic environments over a long time scale, the shallow waters of Antarctica have had their typical polar characteristics since the beginning of the Caenozoic, when the ice cap began to form. Since then, the scouring action of breaking ice has severely limited the survival of more sedentary coastal organisms, especially those from the intertidal zone, and probably also excluding sessile forms of life. This may be the cause of the absence of cemented groups of Bivalvia, such as Ostreoidea, Plicatuloidea, Dimyoidea, Spondylidae (Pectinoidea), and Chamoidea. Some species of Ostreoidea were present in Antarctic waters in past times, when conditions were milder (Crame 1996) . Since mangroves and coral reefs are lacking in the cold shallow waters of Antarctica, there are no species of bivalves that are commonly associated with these ecosystems, such as wood borers (Teredinidae, Pholadoidea) and coral rock borers (Pholadidae, Pholadoidea; Gastrochaenoidea; and Lithophaginae, Mytiloidea). These clearly distinct conditions of the Antarctic and Brazilian waters also explain why their bivalve faunas are so different in terms of number of species, just related to the absence of important groups in Antarctica which are otherwise very rich in shallow Brazilian waters. Nicol (1967) already pointed out the absence of cemented, wood-boring, and rock-boring bivalves in Antarctica. In contrast, the Brazilian coast has 8 species of Ostreoidea and 30 of Pholadoidea.
Among the infaunal bivalve groups, there are large numbers of Brazilian species of Tellinoidea (67 spp.) and Veneroidea (37 spp.), contrasting with their complete absence in Antarctica. Within the American Quadrant, Macoma georgiana Dell, 1964 is the tellinoidean with the most southerly distribution, reaching South Georgia (Zelaya 2005) , but not extending into the Scotia Arc and the Antarctic Peninsula. For the Veneroidea, three species are found in Patagonia and probably in the Falklands, but not in Antarctica: Eurhomalea exalbida (Dillwyn, 1817), Gomphina foveolata (Cooper & Preston, 1910) , and Protothaca antiqua (King & Broderip, 1832) . Powell (1960) noted the complete absence of Veneridae and Tellinidae, and also Cardiidae, from Antarctica. Apart from these infaunal groups, the Mactroidea is also lacking, whereas it is represented by 11 species in Brazil, similarly to the Cardioidea. The explanation for the absence of these important superfamilies in Antarctic waters is completely unknown, but may be related to some physiological or ecological factor, or to their evolutionary history. Crame (2000) , for example, suggested that more recent families tend to exhibit stronger latitudinal gradients of diversity, decreasing in number of species from low latitudes toward the poles. According to this author, these gradients can be explained by the origin of some of these groups in tropical and low-latitude regions, which are now in the process of evolutionary radiation to the poles; Tellinidae, Veneridae, and Cardiidae were cited as examples.
Among the epifaunal superfamilies, Pectinoidea is represented by a small number of species in Antarctic shallow waters (only Adamussium colbecki and two species of Propeamussiidae), compared with 21 Brazilian species (16 Pectinidae, 2 Propeamussiidae, and 3 Spondylidae). More interesting, however, is the absence of Arcidae, in contrast to the 12 species recorded from Brazil. In fact, this family is represented by only one Antarctic species, Bathyarca sinuata (Pelseneer, 1903) , which is found in deeper waters (400-2044 m) (Dell 1990 . Another similar case is Mytilidae, with two (Knudsen 1970 , Dell 1990 . For both arcoids and mytiloids (but not for pectinids), Crame (2000) demonstrated that there is a tendency to increased diversity toward higher latitudes, suggesting an ongoing evolutionary radiation from the tropics to the poles, as it was hypothesized for Tellinidae, Veneridae, and Cardiidae. Although represented by a small number of bivalve species (compared to Brazil), Antarctic shallow waters are rich in some groups, such as Nuculanoidea, Limopsoidea, Lucinoidea, Galeommatoidea, Cyamioidea, and Cuspidarioidea, with three of these even more speciose than in Brazil (Limopsoidea, Galeommatoidea, and Cyamioidea). Nicol (1970) already noted that more than one-third of the number of Antarctic species belongs to the families Limopsidae, Philobryidae, and Cyamiidae. Interestingly, on the Brazilian coast, Nuculanoidea and Cuspidarioidea are more diverse in deeper waters. It has long been known that the Antarctic species of Bivalvia have very extensive depth ranges (Dell 1972 (Dell , 1990 , which is probably related to the glaciations occurred during the Late Caenozoic (Brey et al. 1996) . Therefore, a comparison between the Brazilian and Antarctic faunas would be more complete if all the species were included, not only those from shallow waters. Resolution of the many existing taxonomic problems is also desirable, including all the levels (species, genus, families, and so on), especially for Nuculanoidea, Lucinoidea, and Galeommatoidea, which have many species with small shells, few characters, and subtle differences between them, obscuring a probable higher diversity of these groups in both regions. Almost surprisingly, three species of Bivalvia are recorded from both Brazilian and Antarctic shallow waters, which is probably related to taxonomic problems. Anyway, Brazilian malacologists are now in the process of studying deep-water (>1000 m) species of Bivalvia (Domaneschi & Lopes 1990 , Absalão et al. 2003 , Oliveira & Absalão 2007 , 2008 , 2010a , b, Passos & Birman 2009 , Simone & Cunha 2008a , with the prospect of a more-detailed picture of the entire fauna in the near future.
A simple comparison between two faunas, based only on the number of species, may obscure the ecological importance of some species, especially for the Antarctic shallow-water ecosystem. Clear examples are Laternula elliptica and Adamussium colbecki, which are very abundant in some locations (e.g., Ralph & Maxwell 1977 , Arnaud et al. 1986 , Berkman 1990 , Nigro 1993 , Cattaneo-Vietti et al. 1997 , Urban & Mercuri 1998 , Passos et al. 2005 , Kang et al. 2009 ), although they belong to groups with few representatives (Thracioidea and Pectinoidea, with two and three species, respectively). There are also species that occur in highdensity patches, such as Mysella charcoti, Lissarca miliaris, and L. notocardensis (Richardson 1980 , Arnaud et al. 1986 , Brey & Hain 1992 , Prezant et al. 1992 , Brey et al. 1993 , and other ones that are rich in biomass, e.g., Yoldia eightsi (Peck & Bullough 1993 , which is also ecologically important. Other important characteristics of these faunas may be also neglected when comparisons are restricted to the number of species, such as those related to the shells or to the biology of the constituent species. For example, Antarctic bivalves have in general small-sized (shorter than 15.0 mm), thin, and chalky shells, without bright colors and ornamentation, as noted by Nicol (1964b Nicol ( , 1965 Nicol ( , 1966a Nicol ( , 1967 Nicol ( , 1970 . Probably related to the seasonality of the polar environment, many species of Antarctic Bivalvia have non-pelagic development, incubating their young within the mantle cavity (Hain & Arnaud 1992 , Passos & Domaneschi 2009 ). Knowledge on the biology of Antarctic Bivalvia is still restricted to a few species.
A comparison such as this, between two very different faunas of Bivalvia, has never been made previously. Antarctic and Brazilian environments have abiotic characteristics that are obviously very different, and are strongly linked to divergences in the composition, distribution, and abundance of their living organisms. Only through the analysis of their species´ component species, one can point out groups that are characterized as taxonomically diverse in one fauna or another, and then emphasize studies on their ecology, eventually using them as model or monitoring organisms. This exercise raises important questions for future studies on taxonomy and biogeography as, for example, those related to changes in the composition and bathymetric distribution through a latitudinal gradient, as has been argued for both the northern and southern hemispheres, strongly evidenced by the bivalve faunas of Bivalvia (Stehli et al. 1967 , Crame 2000 . Crame (2000) stressed some of the determining factors in these gradients, such as the geographical distribution of coral reefs, which provide microhabitats for a more diversified fauna. He also stressed that the Brazilian fauna is incompletely understood, and therefore an existing gradient in the western Atlantic must be carefully analyzed. The present contribution aims to start this discussion for the eastern South American coast, stimulating studies on changes occurring in the composition and characteristics of the bivalve faunas from Brazil, Uruguay, Argentina, and Antarctica.
